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Abstract
We consider non-Standard Model physics effects using an ef-
fective lagrangian parameterization. We determine the operators
whose effects are most significant and extract the sensitivity to
the scale of new physics generated by the existing data. We then
consider processes containing the Higgs particle in e+e− colliders
as a probe for new physics effects, and demonstrate their useful-
ness in this area.
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The possibility of determining new physics effects by precision measure-
ments has been pursued for a long time in an effort to provide insights into
the interactions that lie beyond the Standard Model. Many of these efforts
were carried out for a specific model of non-Standard Model physics [1].
Recently it has become evident that these studies should be comple-
mented with a model independent approach where all possible non-standard
effects are parameterized by means of an effective lagrangian [2, 4]. This for-
malism is model and process independent and thus provides an unprejudiced
analysis of the data. Such an approach will be pursued in this paper. We
will parameterize all non-standard effects using the coefficients of a set of
effective operators (which respect the symmetries of the Standard Model).
These operators are chosen so that there are no a-priori reasons to suppose
that the said coefficients are suppressed. In this respect the present analy-
sis differs from others appearing in the literature [3] which concentrate on
operators related to the vector-boson self interactions. In using a manifestly
gauge invariant parametrization we diverge from those studies aimed at elu-
cidating the rigidity of the Standard Model to violations of its symmetries
(whose drawbacks have been emphasized previously [4]).
The effective lagrangian approach requires a choice of the low energy par-
ticle content. In this paper we will assume that the Standard Model correctly
describes all such excitations (including the Higgs particle) 1. Thus we imag-
ine that there is a scale Λ, independent of the Fermi scale, at which the new
physics becomes apparent. Since the Standard Model is renormalizable and
the new physics is assumed to be heavy due to a large dimensional parame-
ter ∼ Λ, the decoupling theorem [5] is applicable and requires that all new
physics effects be suppressed by inverse powers of Λ. All such effects are
expressed in terms of a series of local gauge invariant operators of canonical
dimension > 4; the catalogue of such operators up to dimension 6 is given in
Refs. [6] (there are no dimension 5 operators respecting the global and local
symmetries of the Standard Model).
For the situation we are considering it is natural to assume that the
underlying theory is weakly coupled (else radiative corrections will drive the
Higgs mass to Λ unless the low energy particle content is modified to effect
cancelations, we will not pursue this possibility). Thus the relevant property
1Other approaches can be followed, assuming, for example, an extended scalar sector
or the complete absence of light physical scalars.
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of a given dimension 6 operator is whether it can be generated at tree level by
the underlying physics. The coefficient of such operators are expected to be
O(1); in contrast, the coefficients of loop-generated operators will contain a
suppression 2 factor ∼ 1/16π2. The determination of those operators which
are tree level generated is given in Ref. [7].
The strategy which we follow in this paper is to develop the effects of
the tree-level-generated operators containing leptons and scalars in various
processes. We will consider the constraints implied by current high-precision
data and predict the sensitivity to new effects at LEP2 and a proposed version
of the NLC.
The operators which we will consider are
Oφ = 13
(
φ†φ
)3 O∂φ = 12∂µ
(
φ†φ
)
∂µ
(
φ†φ
)
O(1)φ =
(
φ†φ
) [
(Dµφ)
†Dµφ
]
O(3)φ =
(
φ†Dµφ
) [
(Dµφ)
† φ
]
O(1)φℓ = i
(
φ†Dµφ
) (
ℓ¯γµℓ
)
O(3)φℓ = i
(
φ†τ IDµφ
) (
ℓ¯τ Iγµℓ
)
Oφe = i
(
φ†Dµφ
)
(e¯γµe)
(1)
Where we have omitted those that contain quark fields. The complete list
of tree level generated operators can be found in Ref. [7]. Note that the
modifications to the WWZ and WWγ vertices are not in this list; this
implies, as has been repeatedly emphasized, that LEP2 will not be sensitive to
these effects. The NLC will have enough sensitivity to probe these anomalous
couplings, still its sensitivity to non-Standard Model processes generated by
(1) will be significantly larger. The effects of the above operators present the
widest windows into physics beyond the Standard Model.
Given the above list the lagrangian which we will use in the following
calculations is
L = L(SM) + 1
Λ2
∑
i
{αiOi + h.c.} (2)
The above operators modify the couplings of the leptons to the Z and to
the W gauge bosons; they also modify the ρ parameter, the Fermi constant
and the normalization of the Higgs field. Only this last effect is not probed
in the existing data.
2If there is a large number of loop graphs this suppression factor can be reduced but,
simultaneously, the masses not protected by a symmetry will, in general, be driven to the
scale Λ.
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The electron vector and axial couplings to the Z, gV (e) and gA(e), and
the neutrino coupling to the Z, gν , receive the contributions [8]
|δgV (e)| = v
2
2Λ2
∣∣∣α(1)φℓ + α(3)φℓ + αφe∣∣∣ ∼< 0.0021,
|δgA(e)| = v
2
2Λ2
∣∣∣α(1)φℓ + α(3)φℓ − αφe∣∣∣ ∼< 0.00064,
|δgν | = v
2
2Λ2
∣∣∣α(1)φℓ − α(3)φℓ ∣∣∣ ∼< 0.0018;
(3)
where the (1σ) experimental constraints are also indicated. At the 3σ level
these bounds then correspond to the constraints
ΛTeV∼>
2.5√∣∣∣α(1)φℓ ∣∣∣
,
2.5√∣∣∣α(3)φℓ ∣∣∣
,
2.7√
|αφe|
, (4)
where ΛTeV is the scale of new physics in TeV units.
Similarly the contributions to the ρ parameter arise form O(3)φ , explicitly
|δT | = 4π
s2w
∣∣∣α(3)φ ∣∣∣ v
2
Λ2 ∼< 0.4 (5)
This bound [9] implies ΛTeV∼> 1.7/
√∣∣∣α(3)φ ∣∣∣ (at 3σ).
The Fermi constant receives contributions from O(3)φℓ , O(1)φ and form the
four fermion operator
(
ℓ¯γµτ
Iℓ
)2
/2. We will use GF , the fine structure con-
stant and the Z mass as our input parameters, then the effects of theO onGF
and mZ are observed in deviations of the W mass form its Standard Model
prediction. None of the high precision measurements constrain α
(1)
φ since,
without direct observation of the Higgs, the tree-level effects of this operator
are absorbed in the wave function renormalization of the scalar doublet.
The excellence of the above constraints has been used to claim that the
possibilities of observing new physics effects at LEP2 are greatly diminished
(if not absent), having been preempted by LEP1 [10]. While this is true for
all effects relating to the coupling of the fermions to the gauge bosons, it
is not so for the couplings of the Higgs to the other fields. It is precisely
on these effects that we will concentrate upon in the following. It will be
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assumed that the Higgs will be detected and studied and we will use the high
precision measurements expected from LEP2 to constrain physics beyond the
Standard Model by observation of reactions where the Higgs is produced.
We will concentrate on two reactions, namely
e+e− → ZH e+e− → Hν¯ν (6)
At LEP2 the second reaction is dominated by the Bjorken process (followed
by Z → ν¯ν), at higher energies W fusion will dominate (at least within the
Rξ gauges); we will include both sets of graphs.
Using the expression (2), with Oi defined in (1), we calculate the rele-
vant amplitude for e+e− → ZH ; the Feynman graphs are given in figure 1.
The Feynman rules are extracted as usual from (2), the resulting amplitude
squared is
|A|2 = 1
4
(
|aL|2 + |aR|2
) [
s+
(t−m2z)(u−m2z)
m2z
]
(7)
where
aL =
2g
vcw
m2z
s−m2z
[
2s2w − 1
2
(1 + δZ) + δǫL
s
m2z
]
aR =
2g
vcw
m2z
s−m2z
[
s2w (1 + δZ) + δǫR
s
m2z
]
(8)
and
δZ =
v2
2Λ2
(
α
(1)
φ + α
(3)
φ − 2α∂φ
)
δǫL = − v
2
2Λ2
(
α
(1)
φℓ + α
(3)
φℓ
)
δǫR = − v
2
2Λ2
αφe
(9)
where s, t and u stand for the usual Mandalstam variables. As mentioned
above, we will use the Fermi constant GF , the Z mass mz and the fine struc-
ture constant as input parameters; all other quantities are to be expressed in
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terms of these numbers. We used cw = g/
√
g2 + g′2 and sw = g
′/
√
g2 + g′2;
the vacuum expectation value v denotes the minimum of the scalar potential
and receives a modification due to the presence of Oφ. The mass mz denotes
the physical mass of the Z particle.
e-
e+ Z
Z
H
Fig. 1 Feynman graphs contributing to the process e+e− → ZH .
Similarly we evaluate the amplitude for the process e+e− → Hν¯ν. The
Feynman graphs are given in figure 2. The resulting amplitude squared is
|A|2 = 8|Xv|2 (p′2 · p1) (p2 · p′1) + 2|Xs|2 (p′2 · p′1) (p2 · p1) (10)
where
Xv =
g2
v
m2w
(q21 −m2w)(q22 −m2w)
[
1 + δW +
q21 + q
2
2
m2w
δgL
]
+
g2 − g′2
2v
m2z
(k21 −m2z)(k2 −m2z)
[
1 + δZ +
2δνLk
2
2 − (2/c2w)δǫLk21
m2z
]
Xs =
2g′2
v
m2z
(k21 −m2z)(k2 −m2z)
[
1 + δZ +
2δνLk
2
2 + (1/s
2
w)δǫLk
2
1
m2z
]
(11)
In the above
δgL =
v2
Λ2
α
(3)
φℓ
δνL =
v2
2Λ2
(
α
(3)
φℓ − α(1)φℓ
)
δW = − v
2
2Λ2
(
2α∂φ − α(1)φ + α(3)φ
)
;
(12)
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the other quantities were defined previously. The momentum assignments
are indicated in figure 2; p1,2 are incoming while p
′
1,2 are outgoing.
2q
1q
q1
q2
p’2
p’1
p2
p1
2k
k1
1k
k2
Z
Z
Z
ν
_e+
e-
Wl
ν
H
W
W
W
Z
Fig. 2 Feynman graphs contributing to the process e+e− → Hν¯ν.
Note that the corrections to the Standard Model expressions are of two
types. There are small modifications to the coefficients and, more impor-
tantly, there are terms which grow with the momenta and which appear to
violate unitarity for sufficiently large s. This is, of course, only a signal that
the approximations used break down for sufficiently large energy; this prob-
lem is never encountered since (2) is only valid for s ≪ Λ2. Nonetheless
the presence of these terms generates the most significant deviations from
the Standard Model. This effect is reminiscent of the delayed unitarity ef-
fects [11] which, though not dramatic, do provide non-trivial sensitivity into
new physics effects.
The results for the total cross sections for the two processes are given in
figure 3. In presenting these results we chose values for α
(1,3)
φℓ , αφe and α
(3)
φ
which saturate the (3σ) bounds derived from (4,5); the signs were chosen to
maximize the effects. The rest of the αi were chosen equal to one. We also
restricted the range of s to the point where the deviations from the Standard
Model generated by the dimension 6 operators are ∼100%, at which point
the approximations used break down.
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Fig. 3 Total cross sections for the process e+e− → Hν¯ν and e+e− → ZH . The
values for the constants αi and other restrictions are specified in the text. The
solid lines correspond to the Standard Model predictions whereas the dotted ones
represent the effective lagrangian results.
In evaluating the cross section we have expressed the weak-mixing angle,
the vacuum expectation value, etc. in terms of the above-mentioned input
parameters. The expressions are cumbersome and will not be given explicitly
here; they can be extracted from the results presented in Ref. [6].
It is clear from the plots in figure 3 that the new physics contributions
to the e+e− → Hν¯ν process are unobservable. In contrast the deviations
from the Standard Model for the reaction e+e− → ZH can be quite signifi-
cant. To illustrate the implications of this result we calculated the statistical
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significance NSD of the deviations from the Standard Model for the Bjorken
process. This quantity is defined by
NSD = |σ − σSM|L√
σL
(13)
where σ and σSM denote the total and Standard Model cross sections re-
spectively, and L denotes the luminosity. The results are presented in figure
4.
Fig. 4 Statistical significance of the new physics effects for the process e+e− → ZH .
The non-monotonic behavior of the curves is due to our having chosen the αi which
saturate the exisiting bounds (at the 3σ level) obtained in (4,5), see the text for
details.
As above, we have chosen the αi which saturate the bounds (4,5) at the 3σ
level. The results in figure 4 then give the maximum possible value of NSD to
be observed at LEP2 which is also consistent with the exisiting measurements.
As can be seen from this figure, the sensitivity of LEP2 reaches several TeV
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when this process is considered. The situation is further improved for a Next
Linear Collider of 500GeV CM energy and 20fb−1 luminosity.
Finally we compute the sensitivity to the scale of new physics Λ as a
function of the energy of the e+e− collider used to probe this type of new
physics. We present the various discovery limit contours in figure 5.
Fig. 5 Sensitivity to the scale of new physics Λ for a given CM energy
√
s using
the reaction e+e− → ZH . Denoting by L the luminosity, the curves correspond
to mH = 70GeV, L = 0.5 fb
−1: solid line; mH = 150GeV, L = 20 fb
−1:
dashed line; mH = 500GeV, L = 20 fb
−1: dotted line. We chose αi = 1 (for
which the current 3σ bounds imply Λ∼> 2.7TeV).
The above results demonstrate a significant sensitivity of near-future ac-
celerators to new physics effects. The approach presented here, applicable to
the case where there is a light Higgs excitation, is based on the segregation
of those new-physics effects that can occur at tree level. In case the careful
examination of this process (and others similar to it) provides no hint of
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deviations from the Standard Model it will be necessary to conclude that
the corresponding operators are suppressed in the underlying theory. This
is a non-trivial statement that will eliminate several types of interactions.
For example, the absence of a deviations in the eeZ vertex significantly con-
strains the mixings and masses of a new neutral vector boson and also the
mixings of the electron with new heavy leptons. Since the general form of
the interactions that give rise to the operators (1) is known [7], even the
absence of deviations from the Standard Model can be translated into useful
information: the various contributions to the effective operators must either
be suppressed or cancelations must be present.
It is interesting to provide some models which can generate the operators
studied in this paper. One can consider, for example the addition to the
Standard Model of a vector-like fermion ΨI which is an SU(2)L triplet and
a U(1)Y singlet; in this case α
(1,3)
φℓ will be non-zero and proportional to the
ℓ¯τ IΨI φ˜ coupling constant. The same operators are generated by a heavy Z ′
exchange; in this case Λ corresponds to the vacuum expectation value in the
new U(1) and the Standard Model scalar doublet and leptons are assumed to
have non-zero quantum numbers in the new U(1) group. We also note that
the MSSM [12] does not generate the operators under consideration (unless
R-parity violations are included). The observation of strong deviations from
the Standard Model in the above processes would then argue against this
model.
It is worth noticing that at high energy colliders the Hν¯ν production
channel, having much bigger cross section than the ZH one, can be used to
measure H properties (e.g. mH) while the ZH should be utilized to observe
deviations from the Standard Model prediction. Therefore the both processes
considered here would be needed and are in fact complementary: Hν¯ν having
very small corrections, but providing large production rate and ZH with it’s
substantial sensitivity to non-standard physics.
Acknowledgments
One of the authors (B.G.) expresses his thanks for a warm hospitality
to the Physics Department at University of California, Riverside, where this
research has been performed. Contribution of B.G. was partially supported
by the Committee for Scientific Research under grant BST-475. Part of this
work was supported through funds provided by the Department of Energy
11
under contract DE-FG03-94ER40837 and by the University of California un-
der the AAFDA program.
References
[1] See for example, P. Langacker et. al., Rev. Mod. Phys. 64 (1992) 87 and
references therein.
[2] J.M. Cornwall et. al., Phys. Rev. D10 (1974) 1145 M. Chanowitz and
M.K. Gaillard, Nucl. Phys. B261 (1985) 379. H. Georgi, Nucl. Phys.
B361 (1991) 339, Nucl. Phys. B363 (1991) 301. J. Wudka, Int. J. of
Mod. Phys. A9 (1994) 2301.
[3] A. de Ru´jula et. al., Ref. [10]. C. Grosse-Knetter et. al., Z. Phys. C60
(1993) 375. K. Hagiwara et. al., Phys. Lett. B318 (1993) 155. M. Bilenkii
et. al., Nucl. Phys. B419 (1994) 240. G. Gounaris et. al., Phys. Lett.
B338 (1994) 51.
[4] M.B. Einhorn and J. Wudka, in Workshop on Electroweak Symmetry
Breaking, Hiroshima, Nov. 12-15 (1991); in Yale Workshop on Future
Colliders, Oct. 2-3 (1992). A. de Ru´jula et. al., Ref. [10]. M.B. Einhorn,
in Workshop on Physics and Experimentation with Linear e+e− Col-
liders, Waikoloa, Hawaii, April 26-30, 1993. J. Wudka, in Electroweak
Interactions and Unified Theories, XXVIII Recontres de Moriond Les
Arcs, Savoie, France, March 13-20 (1993).
[5] T. Appelquist and J. Carazzone, Phys. Rev. D11 (1975) 2856.
[6] W. Bu¨chmuller and D. Wyler, Nucl. Phys. B268 (1986) 621. See also
C.J.C. Burges and H.J. Schnitzer, Nucl. Phys. B228 (1983) 464 and
C.N. Leung et. al., Z. Phys. C31 (1986) 433.
[7] C. Arzt et. al., report UM-TH-92-28 (to appear in Nucl. Phys. B).
[8] The LEP collaborations, report CERN/PPE/94-187.
[9] Particle Data Book, Phys. Rev. D50 (1994) 1173.
12
[10] A. De Ru´jula et. al., Nucl. Phys. B384 (1992) 3.
[11] C. Ahn et. al., Nucl. Phys. B309 (1988) 221
[12] G.L. Kane and H. Haber, Phys. Rep. 117 (1985) 75. J.F. Gunion and
H. Haber, Nucl. Phys. B272 (1986) 1, Nucl. Phys. B278 (1986) 449.
13
